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We show that a \negative-result measurement" can be realized in quantum dot systems. The
measurement process is studied by applying the Schrodinger equation to the whole system (including
the detector). We demonstrate that the possibility of observing a particular state out of coherent
superposition leads to strong decreasing of the corresponding nondiagonal density-matrix elements
of the measured system, even though the measured system is not distorted by interaction with the
detector. No additional reduction postulate is needed. Experimental consequences are discussed.
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According to the principles of quantum mechanics,
the density-matrix of a system in a linear superposition












This is the von Neumann projection postulate in terms of
the density-matrix formalism [1]. Since both the measur-
ing device (the detector) and the measured system are de-
scribed by the Schrodinger equation, the question arises
of how such a non-unitary process takes place.
A weak point of many studies of the measurement
problem is the lack of a detailed quantum mechanical
treatment of the entire system, that is, of the detector
and the measured system together. The reason is that
the detector is usually a macroscopic system, the quan-
tum mechanical analysis of which is very complicated.
Mesoscopic systems might thus be more useful for study
of the measurement problem. In this paper we discuss the
measurement of stationary processes | dc currents | in
mesoscopic systems by using the recently derived quan-
tum rate equations for quantum transport [2,3]. These
equations applied to the entire system, allow us to follow
the measurement process in great detail.
We consider quantum transport in small tunneling
structures (quantum dots). Until now research has
been mostly concentrated on single dots, but the rapid
progress in microfabrication technology has made it pos-
sible the extension to coupled dot systems with aligned
levels [4]. In contrast with a single dot, the electron wave
function inside a coupled dot structure is a superposition
of electron states localized in each of the dots. The col-
lapse of the density-matrix and its inuence on the reso-
nant current can thus be studied in these systems with a
detector showing single electron charging of a quantum
dot [5].
A possible setup for such a detector is shown schemat-
ically in Fig. 1. The detector (the upper dot) is in close
proximity to the lower dot (the measured system). Both
dots are coupled to two separate reservoirs at zero tem-





corresponding Fermi levels. In the absence of electro-
static interaction between electrons, the dc resonant cur-




































respectively, due to tunneling to left and
right reservoirs. The situation is dierent in the pres-









are the occupancies of the up-








, an electron from the left reser-
voir cannot enter the upper dot when the lower dot is
occupied [Fig. 1 (b)]. On the other hand, if an electron





of the level E
1
of the lower dot is much less important,






upper dot can thus be considered as a detector, register-
ing electrons entering the lower dot [5]. For instance, by
measuring the detector current, I
D
, one can determine
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Detector
FIG. 1. The measurement of resonant current in a sin-
gle-dot structure by another, nearby dot. All possible elec-
tron states of the detector (the upper well) and the measured
system (the lower well) are shown. Also indicated are the
tunneling rates ( and  ) of the detector and the measured
system respectively.
Actually, the described detector aects the measured





)]. In this case an electron enters the lower
dot at the energy E
1
+U . As a result, the corresponding





), so that the
measured current is distorted. One nds, however, that
the states with empty detector, jai and jbi [Fig. 1 (a,b)],
do not distort the measured system. Nevertheless, the
measurement process does take place: the detector cur-
rent is interrupted whenever an electron occupies the
measured system, but it ows freely when the measured
system is empty. Such a measurement is in fact the neg-
ative result measurement [6,7]. Therefore, in order to
transform the above detector to a noninvasive one, we





measurement process. It can be done by varying pene-




, so that the
dwelling time of an electron inside the detector decreases.











! 0). In this case
an electron entering the detector leaves it immediately,
remaining the measured system undistorted.
Now we conrm it explicitly by direct evaluation of the
2
measured current that the above measurement is a non-
invasive one. The currents through the detector and the
measured system are determined by the density-matrix
for the entire system (t), which obeys the Schrodinger









are the tunneling Hamiltonians of the detector and









The current in the detector (or in the measured system) is
the time derivative of the total average charge Q(t) accu-
mulated in the corresponding right reservoir (collector):
I(t) =
_





density-matrix of the collector. It was shown [2,3] that
I(t) is directly related to the density-matrix of the multi-
dot system (t), obtained from the total density-matrix
(t) by tracing out the reservoir states. One nds that













 hcjjci and the sum is over states jci in




is the partial width of the state jci due




). In turn, (t)







































































































i are the available
states of the entire system, Fig. 1. Eqs. (3) are sup-
plemented with the initial condition, 
aa















































(t), respectively, Eq. (2). The station-
ary (dc) current corresponds to I = I(t ! 1). Solving




































As expected, the measured system current I
S
is not









matter how low the measured system current is (provid-




is large enough). Note that
the attachment of the detector to the measured system
can be considered as the last step in the measurement
process. Even though one still need to register the cur-
rent in the detector's right reservoir, such an additional
process can be carried out without any distortion of the
measured system.
Consider now resonant transport in the coupled dot
structure shown in Fig. 2, where the upper dot is the
detector. For simplicity, we assume strong Coulomb re-
pulsion inside the coupled-dot, so only one electron can
occupy it [9]. U
1;2
is the Coulomb repulsion energy be-
tween the detector and the measured system when an
electron occupies the rst or the second dot of the mea-
sured system. Similar to the previous case, Fig. 1, each







(not shown in Fig. 2) corresponding to the occupied de-



















means that the detector is blocked only when an electron
occupies the rst dot. We assume that U
2
is very small
so that the corresponding tunneling rates for entering the
























































FIG. 2. The measurement of resonant current in a dou-
ble-dot structure. Only the states with empty detector (the
upper dot) are shown. The detector is blocked when the rst
dot of the measured system is occupied, but it is open when
an electron occupies the second dot.
Consider rst the case where the detector (the upper
dot) is removed (or \switched o"). The available states
of the double-dot system, jai, jbi and jci, are those as
shown in Fig. 2. The resonant current through this sys-
tem is described by the modied rate equations, similar






























































. The diagonal density-
matrix elements 
ii
are the probabilities of nding the
system in one of the states, jai, jbi and jci. In the dis-
tinction with resonant tunneling through a single dot,
the diagonal density-matrix elements are coupled with
3










[3]. The total resonant current owing through this




(t), Eq. (2), whereas the station-
ary (dc) current I = I(t!1). The latter can be easily































Note that the dissipation of the \coherences", 
bc
, is gen-
erated by the last term in Eq. (5d), proportional to the
half of decay rates of the states jbi and jci due to their
coupling with the reservoirs (the same as in the Bloch
equations). In our case the state jbi cannot decay, but
only the state jci. As a result the dissipative term is pro-
portional to the  
R
. Since the resonant current proceeds
via hopping between two dots, which is proportional to

bc







Now we \switch on"the detector. The available states







i, corresponding to empty and occupied detector,
respectively. The rate equations describing the transport





























































































































































































































































, when the detector is ex-
pected not to inuence the measured system. Then
the density-matrix of the entire system, traced over the
detector states should coincide with the density-matrix
for the double-dot system without detector, Eqs. (5).




































































































Let us compare Eqs. (8) with Eqs. (5), describing the
double-dot system without detector. Although the equa-
tions for the diagonal matrix elements are the same, the
equations for the o-diagonal matrix element are not.
The dierence is in the dissipative term, which includes
now the detector tunneling rate 
L
. It is easy to trace
its origin. In accordance with the Bloch equations the
dissipation of the nondiagonal density-matrix elements

bc
is the half of all possible decay rates of each of the
states (jbi and jci). In the presence of the detector, the
state jci, Fig. 2, has an additional decay channel, cor-
responding to the possibility for an electron to enter the
detector. Although the time which an electron spends in
the detector tends to zero, so that the related detector
state does not distort the measured system, the possibil-
ity of such a process may inuence the measured current





, one nds from
Eq. (8d) that 
bc
! 0 and therefore I
S
! 0.
The described strong damping of the nondiagonal
density-matrix elements takes place only when the de-
tector can distinguish a particular dot occupied by an









. In this case an electron cannot enter
the detector no matter which of the dots of the mea-
sured system is occupied. As a result, the additional
decay channel for the state jci is blocked, and Eq. (8d)






, Eq. (6). Such a peculiar





















) as a function of the Fermi energy of the left reser-
voir adjacent to the detector.
Our analysis demonstrates that the dissappearence of
the non-diagonal matrix elements during the measure-
ment process is attributed to the dissipation term. The
latter is always generated by the Schrodinger equation,
when a system is coupled with continuum spectrum [3].
It is therefore no need to introduce an additional pro-
jection postulate to describe the measurement process.
Such an idea has been already proposed in the literature
[10]. A new aspect, which reveals our analysis is that the
reduction postulate is not necessary even for interaction-
free measurement. The reduction of the density-matrix of
4
the observed system is described by the Shrodinger equa-
tion for the entire system, when the detector degrees of
freedom are traced out.
In fact, the interaction-free measurement can be per-
formed only under very special circumstances, as for in-
stance, in the negative-result measurements or by us-
ing correlated pairs, as in EPR paradox. Without such
an arrangement a \real" interaction would distort non-
diagonal density-matrix elements. Consider, for instance,











i are equally im-
portant in the measurement process. Let us assume that
all relevant parameters of the double-dot systems are not










Eqs. (7). Nevertheless, one nds that the detector does






i of the system via an ef-
fective disalignment of the resonant levels through the




in Eq. (7h). Such a shift leads
to decrease of the resonant current, Fig. 3, i.e. to the





One might assume that this energy shift can also be ar-
bitrary small, for instance in the case of a \macroscopic"
measured system [11], or performing \protective" mea-













, Fig. 2 [13].
The negative-result measurement which inuences the
measured system without actual interaction is similar to
the famous EPR paradox. Yet, some features are dif-
ferent. First, the discussed above \observation" eect
appears as a stationary state phenomenon. Second, we
do not need any special initial correlations between the
electrons in the detector and the measured system. It
leads to a possibility of inuencing the measured current
by switching the detector on (or o). Such a process
which has a relaxation time  1=, can also be stud-
ied using the same rate equations (7). Most interesting
problem would arise when the distance between the de-
tector and the measured system is larger then c=, so
that the density-matrix reduction, generated by the neg-
ative result measurement might contradict the relativistic
requirement.
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